show scatter with nonoverlapping U-Pb dates reflecting the non-systematic magnitude of Pb-loss. As such, we use the coherence of a data set as a measure of whether those analyses reflect a meaningful (i.e., U-Pb is closed system) population and negates any confusion between youngest U-Pb date and youngest zircon.
Using these guidelines, we base our interpreted U-Pb data on a coherent population of youngest U-Pb dates.
The inference is that the youngest population will not reflect any open-system behavior, and that older dates represent the incorporation of older pre-eruptive zircon. Selection of the youngest population is necessarily subjective and statistical parameters (MSWD, probability of fit) can be used as a guide, however these are dependent upon the precision of the single data point analyses. We interpreted U-Pb (zircon) ages based upon a population (n >4, up to 7) of the youngest precise 238 U-206 Pb dates using the probability of fit as a guide.
Uncertainties associated with weighted mean 238 U-206 Pb dates are reported as ±x/y/z, where x is the analytical (internal) uncertainties, y includes systematic uncertainty associated with tracer calibration and z additionally includes systematic uncertainty associated with the 238 U decay constant. When comparing these dates with those from other U-Pb laboratories not using the EARTHTIME tracer, then ±y should be used. Comparisons with other chronometers should utilize ±z. <776.9 ± 0.8 Ma Notes: The uncertainties associated with the weighted mean dates are reported as ±X/Y/Z, where X is the internal (analytical) uncertainty in the absence of external errors, Y incorporates the U-Pb tracer calibration error and Z includes the tracer calibration error as well as decay constant errors. Youngest concordant grain dates are for grains where the percent discordance is <1%.
2 Figure DR1 : Concordia plots for the U-Pb geochronology data interpreted as eruptive ages. Figure DR2 : Concordia plots for the U-Pb geochronology data where the youngest concordant analysis is treated as the maximum depositional age. The stratigraphic nomenclature used herein predominantly follows that developed by Beyth (1972) with some updates and integration with subsequent publications. The work of Beyth (1972) was the first to formalize stratigraphic nomenclature and is a summary of mapping in the region from 1968 to 1972 conducted by Michael Beyth as well as many geologists of the Geological Survey of Ethiopia (see map citations for details). Short summaries of the lithological terminology used in the text and figures are provided below.
Tsaliet Group
This group was called the "Tsaliet Metavolcanics" by Beyth (1972) and has subsequently been referred to as the "Tsaliet Group" (Alene et al., 2006; Avigad et al., 2007; Miller et al., 2009 ). The lithology, distribution, name derivation, type area and boundary are as described in Beyth (1972) .
Tambien Group
As developed in Beyth (1972) and used in subsequent publications (e.g. Beyth et al. (2003) ; Alene et al.
(2006); Avigad et al. (2007) ), we use the lithostratigraphic group name of "Tambien Group" to refer to all the Neoproterozoic sediments exposed in the northern Tigray region above the basal contact with the Tsaliet Group and ending with the diamictite of the Negash Formation.
Werii Formation
The lithology, distribution, name derivation, type area and boundary are as described in Beyth (1972) with the only difference being that Beyth (1972) and subsequent researchers (e.g. Beyth et al. (2003); Miller et al. (2009) ) have used the formation name of "Werii Slate." We use "Werii Formation" instead given that, in addition to fine-grained siliciclastic metasediments, there are intercalated volcanic tuffs within the formation.
Assem Formation
The lithology, distribution, name derivation, type area and boundary are as described in Beyth (1972) with the only difference being that Beyth (1972) and subsequent researchers (e.g. Beyth et al. (2003); Miller et al. (2009) ) have used the formation name of "Assem Limestone." We use "Assem Formation" instead given that the formation contains minor dolostone as well as horizons of intercalated fine-grained siliclastics in the east Mai Kenetal, east Tsedia and west Chemit synclinoria.
Tsedia Formation
The lithology, distribution, name derivation, type area and boundary are as described in Beyth (1972) with the only difference being that Beyth (1972) and subsequent researchers (e.g. Beyth et al. (2003) ; Miller et al.
(2009)) have used the formation name of "Tsedia Slate." We use "Tsedia Formation" instead given that the formation contains minor carbonate beds in addition to fine-grained siliciclastic sedimentary rock.
Mai Kenetal Formation
The lithology, name derivation, and type area are as described in Beyth (1972) . Beyth (1972) and subsequent researchers (e.g. Beyth et al. (2003) ; Miller et al. (2009) ) have used the formation name of "Mai Kenetal Limestone." We use "Mai Kenetal Formation" instead given that "formation" rather than an explicit lithology is consistent with our preferred terminology for other formations in the Tambien Group. We also note that the distribution of the formation is broader than that described in Beyth (1972) as the formation occurs within the Tekeze Dam region ( Fig. DR3 and as mapped by Hailu and Sime (2000) on the Adi Arkay map sheet).
Amota Formation
This formation was defined as the Amota Slate by Hailu and Sime (2000) on the Adi Arkay map sheet where it is described as a "slate with light blue egg-shaped reduction spots." We have also found the formation to be exposed within the Negash Synclinorium (see Figure DR3 ) where it was originally mapped as undifferentiated Tambien Group Arkin et al. (1971) and where it has subsequently been referred to as the "Lower Slate" (Alene et al., 2006; Miller et al., 2009) .
Didikama Formation
The lithology and name derivation of this mixed carbonate and siliciclastic formation are as in (Garland, 1980) . Previously, on the Mekele map sheet (Arkin et al., 1971) the Amota Formation, Didikama Formation,
Matheos Formation and Marian Bohkahko Formation (informal) were mapped as undifferentiated Tambien
Group (also referred to in this manner within Beyth (1972) ). New stratigraphic sections allow for these formations to be delineated within the Negash syncline. Garland (1980) proposed that the Didikama be considered as above the Tambien Group and be referred to as the "Negash Facies." Instead, we follow Beyth (1972) and consider these sedimentary rocks within the Negash Syncline (comprised for the Amota, Didikama, Matheos and Marian Bohkahko Formations) to be part of the Tambien Group as has also been done by other workers (e.g. Alene et al. (2006 ), Miller et al. (2009 ).
Matheos Formation
The limestone of the Matheos Formation was originally mapped in the Adigrat map sheet Garland (1978) and briefly described in Garland (1980) . In the Mekele map sheet, it was mapped as undifferentiated Tambien Group, however a detailed map of the Negash syncline in Beyth (1972) delineated between "black detrital limestone" (which constitutes the Matheos Formation) and overlying "pebbly slate" (which constitutes the Negash Formation). As can be seen in Figure DR3 , the formation is dominated by limestone grainstone with horizons of molar tooth structures, horizons that are ooilitic, beds that are comprised of rip-up clast breccia and minor stromatolites. As noted by Garland (1980) , the only known occurrence of the formation is within the Negash Syncline.
Marian Bohkahko Formation
Above the Matheos Formation and below the Negash Formation is a sequence of fine-grained clast-free siliclastic sedimentary rocks with interbedded carbonates (see sections T23, T29 and T30 in Figure DR3 ).
These sedimentary rocks have previously been referred to as the "upper slate" (Miller et al., 2003) and the "transitional member" (Miller et al., 2009 ). Miller et al. (2009 Bohkahko Formation is only known to be exposed within the Negash Syncline and its best known exposure is in northwest core of the syncline in the vicinity of a spring and associated large travertine deposit that is known to the local community as Marian Bohkahko leading to the informal name of the Marian Bohkahko Formation. Given the lack of formal geographic names in the interior of the syncline, we use this informal terminology herein.
Negash Formation
The uppermost formation of the Tambien Group was described as a pebbly slate in Beyth (1972) and considered as the "Diamictite Member" of the Tambien Group in Miller et al. (2009) . Given the uniqueness of this interval of strata, this diamictite should be considered a standalone formation distinct from the underlying Marian Bohkahko and Matheos Formations. This approach follows most closely to that of Alene et al.
(2006) who called the unit the "Negash diamictite" which we slightly modify here to be Negash Formation. Figure DR3 : Measured lithostratigraphic sections covering 11,451 meters of stratigraphy used to construct the simplified stratigraphic columns shown in Figure 1 of the main text along with the δ 13 C data used for each section (1,648 data points). Location of the sections are given in UTM coordinates using the WGS84 ellipsoid. Given that this figure is a scaleable vector graphic, you can use the zoom function of your PDF viewer and zoom in so that the stratigraphic logs and carbon isotope data become legible. 
Monte Carlo approach to age estimation/interpolation
The age of beds between two dated tuffs can be estimated using a Monte Carlo approach as described in Guex et al. (2012) . In this approach, 10 6 simulated dates are generated from each date using a normal distribution and the uncertainty on the weighted mean. From these simulated dates, 10 6 depositional rates are calculated to estimate the age and associated 2σ age uncertainty associated with any stratigraphic level between the dated tuffs. This approach requires the crude assumption that the depositional rate between the dated units is constant.
A similar approach also provides a simple way to estimate the uncertainty on duration between two dates wherein the difference between 10 6 simulated dates taken from a normal distribution using the age certainties can be calculated to determine the associated 2σ uncertainty on duration. This approach was taken for the quoted uncertainties related to duration that are presented in the main text.
In the main text, the Monte Carlo interpolation approach is used to provide estimates for the maximum and minimum duration of the Bitter Springs stage that are more tightly constrained than using solely dates themselves. As can be seen in Figure DR3 , the TS22 tuff in the T20 west Tsedia section approximately corresponds to meter level 220 in the T1 stratigraphic section taking the base of the Assem Formation to be chronostratigraphically correlated between sections T1 and T20. This correlation is justified within the envisioned depositional framework wherein carbonate production to the west in the shallow-water environment preserved in section T1 is transported to the deeper part of the shelf/upper slope that is represented in section T20. The age constraint of the TS22 ash from within the T20 section projected onto the T1 section, and the age of the stratigraphic level of 1202 meters within the T1 section (the T1-1202 date) can be used to construct an age model for the stratigraphy between these tuffs.
An application of this approach in the main text was presented wherein an age was determined for the first carbonate bed within the T1 section with a positive δ 13 C value that occurs at meter level 946.7 (within the Tsedia Formation). The resulting estimated age for T1-946.7 using the TS22 and T1-1202 dates was 794.64 ± 0.13 Ma, and this age was paired with the 811.51 ± 0.25 Ma pre-BSS date from the Fifteen Mile Group to give a maximum BSS duration estimate of 16.9 ± 0.3 Myr. The same approach was used to determine estimates for the ages of the lowermost Assem Formation bed (T1-480 with an estimate of 807.9 ± 0.2 Ma) and the uppermost Assem Formation bed in the T1 section (T1-947 with an estimate of 800.6 ± 0.2 Ma). These age estimates can be combined to estimate a minimum duration of 7.3 ± 0.6 Myr for the Bitter Springs Stage. This estimate is a minimum duration for the BSS given that carbonates throughout the Assem Formation have negative δ 13 C values and that we interpret the BSS to have started before and ended after deposition of the Assem Formation.
4 Carbon isotope methods and data
Carbonate powders were heated to 110°C to remove water. Samples were then placed in individual borosilicate reaction viles and reacted at 72°C with 5 drops of H 3 PO 4 in a GasBench II preparation device coupled directly to the inlet of a Thermo DeltaPlus continuous flow isotope ratio mass spectrometer. δ 13 C and δ 18 O data were acquired simultaneously and are reported in the standard delta notation as the difference from the VPDB standard. Precision and accuracy of data are monitored through analysis of 21 standards which are run for every 59 samples. Measured precision is 0.1 (1σ) for both δ 13 C and δ 18 O. Notes: Samples with this superscript mts are powders sampled from the microspar cement of molar tooth structures rather than the bulk carbonate lithology (typically micritic matrix) as with the other samples.
48

